More than one decade 3D modeling in SolidWorks is
INTRODUCTION
Traditionally, any engineering curriculum at European universities has included engineering design graphics subjects in which, during at least one academic year, students receive basic training in the systems of representation, sketching, technical drawing, and CAD [1, 2] . Thus, at the Faculty of Mechanical Engineering (University of Belgrade), during the second semester of the first year, a course in Engineering Graphics was organized. During the 15-week course, students study the basics of modelling in the SolidWorks software package. SolidWorks was chosen because it is the easiest graphics software for all kinds of graphics communication [3] . Prior to the implementation of the novel teaching concept, there were various problems.
First, students had to memorize or take notes about presented modeling processes, and could practice them only later when the lesson is finished. After one-hour lecture, the amount of new information was extremely challenging for the students. Small steps, crucial for the learning process, were impossible to implement.
Second, the lectures lacked in interaction. Students couldn't simultaneously implement presented instructions, so they couldn't encounter potential problems (in the modelling process) which could be the topic for discussion.
Third, due to their passive role during classes students were noticeably bored. Boredom is a wellknown problem in the learning process [4] .
In 2014 we heard about the inverted classroom approach. An inverted, or flipped, classroom, where content delivery includes video lectures watched outside of the classroom, is a method that can free classroom time for learner-centered activities such as active and problem-based learning [5] .
After deciding to implement this method video tutorial that follows the course were recorded. Video tutorials are available free of charge on YouTube and they could be found on the channel named "Inženjerska grafika". This was followed by changes in teaching process organisation and all together provided prominent improvement in students' results.
COURSE OUTLINE
The course is divided into three parts. Each part lasts for four weeks and after each part students have to do the test. The first part of the course is the most intensive, because students are, at the same time, introduced to the program and they have to master the basics of modelling. In the second part of the course, students are expected to be able to model all elements of an assembly and mate them properly.
In the final part of the course, expectations are higher and students should model elements with more complex geometry.
Through the modelling process, students unconsciously begin to think about the technology of production of these elements. It is very important that the student can imagine every element in the three dimen-sional space. At the end of the course, students ack-nowledge the importance of 3D modelling, as a nece-ssary part of the numerical and geometric calculations [6] [7] [8] .
First part of the course
Topics are connected with introduction to SolidWorks, the working environment and basic commands. The highlight is on the dimensioning and positioning of the sketch. In the first part of the course it is demanded from students to perform the modelling of two specific elements (Exercise 1 and 2). The commands needed for the first exercise are: Extruded Cut, Extruded Boss/Base and Fillet. An example of a first exercise is given in Figure 2 . Every element within the first exercise should be done in maximum five operations. At the end of this part of the course students have to do the first test, which lasts an hour and a half and includes materials related to exercises 1 and 2.
Second part of the course
In the exercise number three, students should model ten to twenty elements and mete them into adequate assembly. Students are shown how to create complex geometry parts and how to use the predefined parts from the toolbox. From the toolbox, students can use bolts, washers, nuts, bearings etc.(figure 5). For students, third exercise is very demanding. They have to learn how to properly integrate all parts through the "mate" option in the assembly, taking care that some parts are fixed and some are mobile (float). An example of a third exercise assemblies is given in Figure 6 .
Figure 6. Models of third exercise
At the end of this part of the course students have second test, which lasts an hour and a half and includes materials related to exercise number 1, 2 and 3. 
Third part of the course
The last part of the course is about modelling turbines. Important command in the SolidWorks, that would make modelling of turbines much easier task, is Circular pattern. Some example of exercise number four is given in Figure 8 . In this part of the course students learn about the quality of surface finish and how to add specific material properties to the 3D models.
At the end of this part of the course students are preparing for the third test. It lasts two hours and includes materials related to exercise number 4. Students were gathered in one classroom equipped with video projector. Teacher performs exercises on one computer connected to that projector. Students follow the lecture via projected picture from the teacher's computer. Lecturing usually lasts for about an hour. It means that students have two hours to practice independently. It was an often case that some steps of the modelling procedure, shown during the lecture, was totally forgotten by students until the start of the exercises. In these cases, teacher had to go through all four classrooms and remind students about the missing steps in the modelling process. The problem was that all of these repetitions were about basic modelling techniques. Due to that, it was almost impossible to discuss about advanced modelling methodologies.
Difficulties with the old teaching methodology
The main reasons why we decided to implement a novel approach are the following:
Students were attending classes without any prior knowledge. A lot of time was spent for explaining the basics of 3D modelling process. During the lectures students were passive and bored. It was a big hindrance to a learning process. The lectures lacked teacher-student interaction, necessary for successful learning process. Very often a lot of tasks shown during lectures had to be repeated afterwards, during exercise period. One teacher covering four classrooms made this task very challenging. Because of the slow progress, students were losing interest for the subject very fast.
NOVEL APPROACH
Our main task was to take the teaching of the 3D modelling process basics out of the classroom. To make students do the basic preparations prior to coming to the class. To provide basic knowledge available to students 24/7, at any place covered by internet. To support the students to prepare themselves for discussion during classes. To make them interested in the subject and wake up their competitive spirit. To provide them teaching methodology that suits them the best (young people these days get most of the needed information from video tutorials). Video tutorials, covering all lectures and all needed SolidWorks features, were filmed and uploaded on YouTube. Every video lasts from 10 to 15 minutes. Those video tutorials explain every part of the subject curriculum in the step-by-step manner. Every teaching week has correspondent set of tutorials, that have to be acknowledged prior to classes. They are made for absolute beginners. No prior knowledge is needed.
To motivate students to watch tutorial prior to coming to class, new weekly tests were established. Those were 10 minutes entry tests for that teaching week. The test task was to model a simple element by using the SolidWorks features explained in the tutorials for that week. Entry test results also influenced the subject final grade.
In this way, we can enrich the course with new commands in modeling. So in the course of the already mentioned commands we can add new ones: Offset entities, Linear Pattern, Swept Boss, Sketch Text etc.
Figure 10. Key withaout hole
For models with a more complicated shape, the Offset entties option is more than desirable. For example, if we model the head of a key as shown at figure 10., and once done a sketch (Figure 11) , it is not necessary to sketch again to form a hole of this shape. We will use the Offset entities option and in combination with the Extruded Cut make a hole as is shown on the figure 13.
We could introduce some more demanding tasks in terms of a more complicated form. Until now, no ellipsoid was used in the exercise model, and the model that combines ellipse and the Circular pattern option is shown in the Figure 14 . The Sketch Text option is suitable for embossing the logo or some notes on the very parts. An example is the wheel in figure 15 with the text. These are just some of the options that can be implemented in the course. The main reason is that with such an approach, all these commands can really be shown in lectures. The time spent on repeating the material and showing one option several times, now it can be spent on new options and thus increasing the quality of students' knowledge when they passing the exam.
EMINENT ACHIEVEMENTS
The first improvement noticeable in the teaching process was that students came to lectures prepared. They were familiar with the SolidWorks and 3D modelling terminology, with SolidWorks working environment and basic commands. It made the lecturing a whole new concept. Instead of spending time in covering the basics, right after the beginning of the class a dynamic discussion started almost every time. Students were giving their advanced solutions for problems that were covered in the tutorials. Very soon, they started to compete each other in explaining different approaches to specific element modelling.
Those competitions were fantastic for learning process, so we have established some quizzes in order to define some rules of competition and to apply prizes that will affect active students' final grades [9] .
Classes came through fantastic transformation that no one really expected. From the classrooms full of bored students complaining about everything, we came to the situation that students wouldn't leave classrooms at the end of the classes. They started to enjoy in acknowledging new things.
RESULTS
Students' grades were followed for the past three years (since the new approach implementation). Their study results (average grade) and success rates (number of students that passed the exam) can be seen in table 1. It is evident that not only the teaching process and the classroom atmosphere is better, but also the statistics are better. In this way much better cooperation between professors and students was achieved there was an increase in interest in overcoming not so easy material. At the end of each semester, students were able to anonymously comment on the course and evaluate teachers. Comments from year to year are getting better and there are almost no negative comments concerning teaching process.
CONCLUSION
As technology progresses, through generations, the areas of learning are changing, and therefore the methods of teaching. Previously, the focus was on manual drawing, while today is on mastering the software packages for technical documentation production. It is important to adjust the teaching to the group's needs. We realized that we needed to change our approach and move forward with technology.
The younger generations more easily learn through video tutorials, as shown in this paper. With this approach we have achieved that students learn during the entire course and come prepared for classes. This not only improved the quality of teaching process, but also the students' success rate and their average mark. Using modern software tools like Solidworks and Matlab Simulink a mathematical analysis of its mechanism for movement in a 3D environment can be performed [10] .
The importance of 3d and 2d modeling is described in the paper [11] where the mentioned method uses known solutions for either 2D or 3D configurations containing only one crack, and takes into consideration the interaction effect between cracks. The SolidWorks package has a very wide spectrum and contributes to the development of numerical models as described in paper [12] .
